Cost-effectiveness of captopril therapy after myocardial infarction  by Tsevat, Joel et al.
914 JACC Vol. 26, No. 4 
October 1995:914-9 
Cost-Effectiveness of Captopril Therapy After Myocardial Infarction 
JOEL TSEVAT, MD, MPH,* DANIELLA DUKE, MD,t LEE GOLDMAN, MD, MPH, FACC,$ 
MARC A. PFEFFER, MD, PaD, FACC, t GERVASIO A. LAMAS, MD, FACC,§ 
JANE R. SOUKUP, MS,t KAREN M. KUNTZ, ScD,tll THOMAS H. LEE, MD, SM, FACCt[I 
Boston, Massachusetts; SanFrancisco, California; and Miami, Florida 
Objectives. This study sought to assess the cost-effectiveness of 
captopril therapy for survivors of myocardial infarction. 
Background. The recent randomized, controlled Survival and 
Ventricuiar Enlargement (SAVE) trial showed that eaptopril 
therapy improves survival in survivors of myocardial infarction 
with an ejection fraction <40%. The present ancillary study was 
designed to determine how the costs required to achieve this 
increase in survival compared with those of other medical inter- 
ventions. 
Methods. We developed a decision-analytic model to assess the 
cost-effectiveness of captopril therapy in 50- to 80-year old survi- 
vors of myocardial infarction with an ejection fraction _<40%. 
Data on costs, utilities (health.related quality of life weights) and 
4-year survival were obtained directly from the SAVE trial, and 
long-term survival was estimated using a Markov model. In one 
set of analyses, we assumed that the survival benefit associated 
with eaptoprii therapy would persist beyond 4 years (persistent- 
benefit analyses), whereas in another set we assumed that capto- 
pril therapy incurred costs but no survival benefit beyond 4 years 
(limited-benefit analyses). 
Results. In the limited-benefit analyses, the incremental cost- 
effectiveness of captopril therapy ranged from $3,600/quality. 
adjusted life-year for 80-year old patients to $60,800/quality.adjusted 
life-year for 50-year old patients. In the persistent-benefit analy- 
ses, incremental cost-effectiveness ratios ranged from $3,700 
to $10,400/quality-adjusted life-year, depending on age. The out- 
come was generally not sensitive to changes in estimates of 
variables when they were varied individually over wide ranges. 
In a "worst-ease" analysis, incremental cost.effectiveness ratios 
for captopril therapy remained favorable ($8,700 to $29,200/ 
quality-adjusted life-year) for 60- to 80-year old patients but 
were higher ($217,600/quality.adjusted life-year) for 50.year old 
patients. 
Conclusions. We conclude that the cost.effectiveness of 
captopril therapy for 50. to 80-year old survivors of myocar- 
dial infarction with a low ejection fraction compares fa- 
vorably with other interventions for survivors of myocardial 
infarction. 
(J Am CoU Cardiol 1995;26:914-9) 
Several types of medications, including beta-adrenergic block- 
ing, anticoagulant, antiplatelet and cholesterol-lowering 
agents, as well as rehabilitation regimens, have been found to 
improve survival of patients who have had a myocardial 
infarction (1-3). Certain of these therapies have been found to 
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e relatively cost-effective as well, yielding gains i  survival at 
a "reasonable" cost (4,5). Recently, the angiotensin-converting 
enzyme inhibitor captopril was added to the list of beneficial 
therapies: The Survival and Ventricular Enlargement (SAVE) 
trial (6), a randomized, controlled trial of c ptopril therapy in 
2,231 survivors of myocardial infarction with an ejection frac- 
tion _<40%, found that captopril improved survival at an 
average of 3.5 years by 19%. To assess the cost-effectiveness of 
captopril therapy after myocardial infarction, we developed a 
decision-analytic model incorporating resource utilization, sur- 
vival, and health-related quality of life data from the SAVE 
trial. 
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Table 1. Four-Year Survival in the Survival and Ventricular 
Enlargement (SAVE) Trial 
No. of Proportion Surviving (Kaplan-Meier) 
Age (yr) Pts 1 yr 2 yr 3 yr 4 yr 
Pts assigned to 
placebo 
<40* 29 0.9655 0.8966 0.8576 0.8576 
40-49 181 0.9105 0.8936 0.8733 0.8112 
50-59 248 0.9392 0.8897 0.8459 0.8174 
60-69 418 0.8752 0.7999 0.7556 0.6725 
->70 240 0.8125 11.745 0.6319 0.5539 
Total 1,116 0.8821 0.8257 0.778 0.7070 
Pts assigned to 
captopril 
<40* 51 0.9804 0.9404 0.8990 0.899(1 
40-49 132 0.9164 0.9010 0.8823 0.8428 
50-59 300 0.8996 0.8895 0.8521 0.7835 
60-69 390 0.9074 (/.8350 0.7981 0.7438 
>-70 242 0.8512 0.8054 0.7516 0.6582 
Total 1,115 0.8974 0.8556 0.8169 0.7551 
*Excluded from cost-effectiveness model because of small sample size. 
Methods  
Effectiveness of therapy. To model the ffectiveness of 
therapy, we developed a Markov model (7,8). Markov models 
have been used extensively in medical decision and cost- 
effectiveness analyses (9-14). In a Markov model, long-term 
prognosis is simulated by "following" a hypothetical cohort of 
patients (here, clinically similiar to those in the SAVE trial) 
through states of health and illness. By assigning costs and
quality of life adjustments for time spent in each state, the 
model calculates the average cost and the average number of 
years of life, adjusted for their quality (quality-adjusted life- 
years), for each strategy (here, captopril vs. placebo), and the 
incremental cost-effectiveness (additional cost/additional 
quality-adjusted life-year gained) of one strategy compared 
with another. 
Our model incorporated actual all-cause mortality data for 
years 1 to 4 for the captopril and placebo groups from all 2,231 
trial patients (Table 1). We smoothed these data and then fit 
Cox proportional hazard models to incorporate the effects of 
age and treatment and the interaction f age with ~treatment to 
yield survival estimates for ages 50, 60, 70 anct 80 years (Table 
2). We then developed separate cost-effectiveness models for 
ages 50, 60, 70 and 80 years. 
Survival beyond the fourth year was simulated in the 
Markov model, which distinguished between coronary heart 
disease-related mortality and other-cause mortality. Age- 
specific other-cause mortality rates were obtained from U.S. 
life tables and incorporated into the model by the method of 
Sonnenberg and Wong (15). Age-specific oronary heart dis- 
ease mortality rates for patients with a history of myocardial 
infarction were obtained from the Coronary Heart Disease 
Policy Model (16) and were adjusted for the disease severity of 
SAVE patients by using age-specific hazard multipliers. Be- 
cause the effectiveness of captopril therapy beyond 4 years is 
Table 2. Age-Specific All-Cause Mortality 
Proportion Surviving 
Age (yr) and Group 1 yr 2 yr 3 yr 4 yr 
50 
Captopril 0.934 0.902 0.874 0.828 
Placebo 0.927 0.894 0.863 0.813 
6O 
Captopril 0.906 0.863 0.825 0.763 
Placebo 0.889 0.839 0.794 0.724 
70 
Captopril 0.868 0.810 0.759 0.678 
Placebo 0.832 0.760 0.698 0.603 
80 
Captopril 0.817 0.739 0.673 0.573 
Placebo 0.751 0.651 0.570 0.454 
unknown, we developed two models for each age group. In the 
"limited-benefit" models, we conservatively assumed that mor- 
tality rates for the captopril and placebo groups would be 
equivalent after the fourth year. In the "persistent-benefit" 
models, we assumed that the average ratio of the hazard rates 
for captopril versus placebo in years 2 to 4 of the SAVE study 
would persist beyond the fourth year. 
Utilities. To incorporate health-related quality of life ad- 
justments into the analysis, we assessed time trade-off utilities 
(quality weights) (17) during the course of the SAVE trial from 
a sample of 82 study patients followed up at one study site, 
Brigham and Women's Hospital in Boston. The 82 patients 
were similar in age (mean age 60.3 years vs. 59.4 years in the 
SAVE trial) and gender (79% male vs. 82% male) to those in 
the overall SAVE trial. We assumed the utilities of the 82 
patients would apply to all trial patients, stratified by whether 
they were receiving captopril or placebo. 
The utility assessment has been described in detail previ- 
ously (18,19). Briefly, trained interviewers unaware of treat- 
ment status offered patients a choice between living 10 years in 
their current state of health or a shorter life in excellent health. 
The amount of time in excellent health was varied systemati- 
cally until a point of indifference was ascertained. A patient's 
time trade-off utility is calculated by dividing the number of 
years in excellent health by the number of years of current 
health at the indifference point. For example, if a patient is 
indifferent to living 8 more years in excellent health or 10 more 
years in his or her current state of health, then the utility for 
the current health state is 8/10, or 0.8. Utilities can range from 
0.0 to 1.0. 
Time trade-off utilities were assessed serially, beginning at a 
median of 12 months after myocardial infarction. The average 
time elapsed between the first and last assessments was 8.4 
months. As reported previously (19), time-trade-off scores did 
not change significantly between the first and last interviews 
(mean change 0.03, 95% confidence interval -0.02 to 0.08) 
and thus were assumed in our model to remain stable. 
Costs. The cost analysis was performed from the perspec- 
tive of the health care system using direct medical costs rather 
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than charges (20). Cost estimates for the model were based on 
actual resource utilization of trial patients. For all 123 patients 
followed up at Brigham and Women's Hospital with available 
data, we obtained detailed cardiac medication and hospital 
period data (from both Brigham and Women's Hospital and 
other hospitals). Reviewers who had no knowledge of treat- 
ment status assigned each hospital period a diagnosis-related 
group (DRG) reimbursement rate plus a physician fee based 
on the Resource-Based Relative Value Scale (RBRVS). The 
physician fee was calculated on the basis of average length of 
stay using the median reimbursement rate for the initial 
hospital day (Current Procedural Terminology [CPT] code 
99222), for each subsequent day (CPT 99232) and for the 
discharge day (CPT 99238). 
Each cardiac medication was assigned a wholesale acquisi- 
tion cost (21) plus a dispensing cost of $4.24/1-month supply, 
the average of three published rates (22-24). As with the 
utilities, the hospital stay and cardiac medication costs derived 
from patients followed up at one center were assumed to apply 
to the entire study cohort and were stratified by whether 
patients were receiving captopril or placebo. 
The costs of captopril therapy were based on the average 
daily dose in milligrams (as assessed by pill counts) of all 
SAVE trial patients assigned to captopril therapy and con- 
sisted of an acquisition cost of $0.0174/mg ($2.61/full dose of 
50 mg three times daily) (21) plus a dispensing cost of 
$4.24/1-month supply. To estimate costs of outpatient visits, we 
chose not to use the actual number of per-patient visits in the 
SAVE trial because we believed that trial patients were seen 
more often than might be expected in ordinary care (25). 
Instead, we assumed that each patient would have three 
"expected" outpatient visits plus the average number of un- 
scheduled interim visits in SAVE each year, stratified by 
whether they were receiving captopril or placebo. Each office 
visit was assigned the median RBRVS reimbursement for 
established patients (CPT 99213). Costs of outpatient ests 
were assumed to be equal under both strategies and were thus 
not modeled explicitly; to the extent that patients not receiving 
captopril therapy may have undergone more outpatient tests 
(e.g., electrocardiograms, echocardiograms, thallium stress 
tests), our analysis would be biased against the captopril 
strategy. 
All costs were converted to 199l U.S. dollars using the 
medical care component of the consumer price index. All costs 
and life-years were discounted at 5%/}'ear. Cost-effectiveness 
ratios, expressed as incremental cost per quality-adjusted 
life-year, were rounded to the nearest $100/quality-adjusted 
life-year. 
Sensitivity analyses. All survival benefit, utility and cost 
estimates were subjected individually to sensitivity analyses 
over wide ranges (Table 3) to determine whether theoutcome 
was affected. In addition, we performed a "worst case" analysis 
in which eaptopril therapy incurred costs but yielded no 
long-term survival benefit, lower utility and no savings in 
hospital costs, outpatient follow-up costs and costs of other 
Table 3. Costs and Utilities 
Base Case Estimates (range xamined in 
sensitivity analyses) 
Annual Direct Medical Cost Captopril Group Placebo Group 
Captopril therapy ($) 631 (0-1,000) 0 (NA) 
Other cardiac medications ($) 520 (0-1,500)* 531 (0-1,000)t 
Hospital 
1st yr ($) 5,950 (0-20,000)* 8,687 (0-10,000)~ 
Subsequent yr ($) 1.958 (0-20,000)* 2,298 (0-10,000)~ 
Outpatient visits ($) 139 (0-2,000)* 140 (0-500)? 
Utilities 0.88 (0-1.0)* 0.89 ( 0.05-0.05)t 
*In performing the sensitivity analyses on estimates for the captopril group, 
the difference b tween captopril and placebo group estimates was held constant; 
for example, the cost of other cardiac medications was varied from $0 to $1500 
and. for each value, the corresponding cost for the placebo group was $11 
($531 $520) greater. ?Sensitivity analysis ranges for the placebo group 
represent the costs or utilities in excess of the corresponding captopril group 
estimates: for example, the cost of other cardiac medications was varied from $0 
to $1J1181 more than the corresponding cost for the captopril group ($520). NA 
not applicable. 
medications. All analyses were performed using Decision 
Maker version 7.0 (Pratt Medical Group). 
Resu l ts  
Costs and utilities. The cost of captopril therapy, based on 
the average dose taken by patients in the SAVE trial plus 
dispensing fees, was calculated to be $631/year ($1.73/day) 
(Table 3). This cost was partially offset by savings in hospital 
costs and other cardiac medications. Estimated annual outpa- 
tient visit costs were similar for the two groups. Mean (+SD) 
utilities for patients taking captopril (0.88 _+ 0.22) were 
marginally but not statistically significantly lower than for 
patients not taking captopril (0.89 _+ 0.18). 
Baseline cost-effectiveness analyses. In the limited-benefit 
model, which conservatively assumed similar annual mortality 
rates with captopril therapy and placebo beyond the fourth 
year after myocardial infarction, the cost-effectiveness of cap- 
topril therapy improved with age, ranging from $60,800/ 
quality-adjusted life-year for 50-year old patients to $3,600/ 
quality-adjusted life-year for 80-year old patients (Table 4). In 
the persistent-benefit model, cost-effectiveness ratios were 
similar to those in the limited-benefit model for patients 60 to 
80 years old ($3,700 to 5,600/quality-adjusted life-year). For 
50-year old patients, who had the most years of life remaining 
in which potentially to benefit from captopril therapy, the 
cost-effectiveness ratio in the persistent-benefit model was 
substantially better ($10,400/quality-adjusted lif -year) than in 
the limited-benefit model. 
Sensitivity analyses. Limited-benefit analyses'. In general, 
the analyses for patients 60 to 80 years old were not sensitive 
to even large changes in baseline utilities, discount rates, 
hospital costs, cardiac medications and outpatient follow-up 
costs. For 50-year old patients, the results were sensitive to the 
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Table 4. Cost-Effectiveness of Captopril Therapy 
Average 
Cost Average Incremental C/E















32,098 8.13 60.800 
24,449 6.33 
26,128 6.51 9,000 
19,099 4.72 
20,822 5.07 4,900 
14.844 3.44 
16.699 3.96 3,600 
Persistent-Benefit Model 
50 
No captopril 30,369 8.10 
Captopril 32,883 8.34 10,400 
60 
No captopril 24,449 6.33 
Captopril 27,382 6.85 5,600 
70 
No captopril 19,099 4.72 
Captopril 22,292 5.47 4,300 
8O 
No captopril 14,844 3.44 
Captopril 18,067 4.33 3,700 
*Discounted at 5%/yr. ,Expressed in 1991 U.S. dollars. :[:Calculated as 
difference in average costs (captopril minus no captopril) divided by correspond- 
ing difference in average number of qualiw-adjusted life-years (QALYs), 
rounded to the nearest $100/quality-adjusted life-year. C/E - cost-effectiveness 
ratio (captopril vs. no captopril). 
annual cost of captopril therapy (baseline cost $631/year). If 
captopril therapy cost <$444/year, then this strategy was both 
more effective and less costly; but if it cost $1,000/year, the 
incremental cost-effectiveness ratio for captopril therapy in- 
creased to $180,800/quality-adjusted life-year. The outcome 
for 50-year old patients was also sensitive to the difference in 
utilities between the two strategies (baseline difference 0.01 
favoring no captopril). If the difference were 0.02 favoring no 
captopril, then the no-captopril strategy was both more effec- 
tive and less costly, whereas if the difference were 0.02 favoring 
captopril, then captopril therapy would cost $5,700/quality- 
adjusted life-year. 
Persistent-benefit analyses. In the persistent-benefit analy- 
ses, the outcome was most sensitive among 50-year old pa- 
tients, but incremental cost-effectiveness ratios were generally 
more stable than in the limited-benefit models. For example, 
increasing the cost of captopril therapy for 50-year-old patients 
to $1,000/year yielded an incremental cost-effectiveness ratio 
of $24,900/quality-adjusted life-year. The outcome was sensi- 
tive to the difference in utilities but less so than in the 
limited-benefit analyses. For 50-year old patients, a difference 
of 0.02 in the quality weight favoring captopril yielded an 
incremental cost-effectiveness ratio of $4,900/quality-adjusted 
life-year, whereas a similar difference favoring the no-captopril 
strategy yielded an incremental cost-effectiveness ratio of 
$16,700/quality-adjusted life-year. Savings associated with cap- 
topril therapy in the cost of other cardiac medications equaling 
$287/year (baseline savings $ ll/year) or in the cost of physician 
visits equaling $277/year (baseline savings $1/year) rendered 
the captopril therapy both less costly and more effective than 
the no-captopril strategy for 50-year old patients. 
"Worst case" analyses. When a "worst-case" scenario was 
assumed in which captopril therapy did not reduce the annual 
mortality rate after the fourth year after myocardial infarction 
and was not associated with any savings in hospital costs, other 
cardiac medications and physician follow-up visits and yet was 
associated with a 1% lower quality adjustment (utility), the 
cost-effectiveness of captopril therapy remained favorable in 
patients >60 years old. The incremental cost-effectiveness 
ratio for 50-year old patients was $217,600/quality-adjusted 
life-year. For 60-year old patients, it was $29,200/quality- 
adjusted life-year, whereas for 70- and 80-year old patients it 
was $13,700/quality-adjusted life-year and $8,700/quality- 
adjusted life-year, respectively. 
Discuss ion  
In an era of extensive change in health care, it is becoming 
incumbent among practitioners and policy makers to show that 
diagnostic tests and therapies are effective and, increasingly, 
cost-effective. The effectiveness of angiotensin-converting e - 
zyme therapy for survivors of myocardial infarction with left 
ventricular dysfunction has been demonstrated in several 
studies (6,26,27). The present study shows that captopril 
therapy after myocardial infarction is also relatively cost- 
effective compared with other commonly accepted therapies 
for patients with coronary heart disease (14,28-36) (Table 5). 
The present study complements a recent analysis (37) showing 
that therapy with another angiotensin-converting e zyme in- 
hibitor, enalapril, is relatively cost-effective for patients with 
congestive heart failure. 
Long-term e~ect of captopril. The effect of captopril ther- 
apy on survival >4 years is unknown. The implication for this 
analysis is that it is unclear whether the results of the "limited- 
benefit" analyses are more relevant than those of the 
"persistent-benefit" analyses, or vice versa. In the persistent- 
benefit assumption, the annual mortality rate for the captopril 
group continues to be lower than that for the placebo group, so 
that the gap between the survival curves widens. In the 
limited-benefit assumption, he mortality rates equalize after 4 
years, so that the survival curves mirror each other but do not 
merge or cross. Here, it is important o realize that although 
the (age-adjusted) life expectancy for each individual 4-year 
survivor is the same whether he or she is taking captopril or 
not, the captopril cohort will continue to accrue more life-years 
because more patients survived the initial 4 years. A third 
possibility (not considered) is that the survival curves for the 
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Table 5. Cost-Effectiveness of Various Interventions for Patients 
With Corona~ Heart Disease 
Intervention (ref no.) Incremental C/E 11991 $) 
Lovastatin 20 mg/d for secondary_ 
prevention (28) 
Smoking cessation program after acute 
myocardial infarction (29) 
Aspirin for acute myocardial 
infarction (30) 
Beta-blockers after myocardial 
infarction (31) 
Cardiac rehabilitation after myocardial 
infarction (32) 
Coronary artery bypass grafting for 
three-vessel or left main disease (33) 
Captopril after myocardial infarction 
Limited-benefit assumption 
Persistent-benefit assumption 
Percutaneous transluminal corona~, 
angioplasty for one- or two-vessel 
disease (14) 
Thrombolysis in elderly with suspected 
acute myocardial infarction (34) 
Thrombolysis with -PA vs. streptokinase 
(35) 
Coronary- care unit admission for patients 
with 5-2/1% probability of acute 
myocardial infarction (4.36) 













Costs converted to 1991 dollars using the medical component of thc 
consumer price index. C/E - cost-effectiveness ratio; QALY quality-adjusted 
life-years; t-PA - tissue-type plasminogen activator; YOLS year of life savcd. 
captopril and placebo groups could merge or even cross 
immediately or some time after the end of the 4-year follow- 
up. However, a sudden cessation of the benefit of captopril 
therapy after 4 years is clinically unlikely, particularly because 
the captopril and placebo survival curves in the SAVE trial 
were still separating at 4 years (Table 2). Furthermore, ex- 
tended follow-up analyses of patients completing the SAVE 
study support a persistent survival benefit from captopril 
therapy (Pfeffcr MA, Moy6 LA, Rouleau JL, Wun C-CC, 
Braunwald E, for the SAVE investigators, unpublished ata). 
In any case, discounting future life-years erves to mitigate the 
impact of any projection involving long-term survival. 
Sensitivity analysis. The outcome of the analysis was rel- 
atively unaffected by reasonable variations in most other 
assumptions. Except under very conservative assumptions in
50-year old patients, the incremental cost-effectiveness of 
captopril therapy compares favorably with analogous interven- 
tions. Of the many variables, the outcome was relatively 
dependent on only two. 
1. At least in the limited-benefit analysis for 50-year old 
patients, the outcome was sensitive to the cost of captopril 
therapy: At costs of captopril <$444/year, prescribing captopril 
would be both more ffective and less costly overall than 
withholding it; but at costs of $1,000/year, the incremental 
cost-effectiveness ratio for captopril therapy would be 
$180,800/quality-adjusted life-year. Although there is no uni- 
versally accepted threshold cost-effectiveness ratio (38), phar- 
maceutical companies might base medication pricing onresults 
of analyses uch as these or on qualitative thresholds (39) to 
ensure that their medication is included on formularies. Other 
factors, such as the impending availability of a generic formu- 
lation of captopril, might also affect its price. 
2. The outcome was sensitive to the quality weight (utility) 
associated with captopril versus placebo therapy. In our sam- 
ple, the time trade-off utility of patients taking captopril was 
slightly but not statistically significantly lower (worse) than for 
patients not taking captopril. Although conclusions are limited 
by sample size, our data provide evidence that a major 
deleterious effect from the intervention was most likely not 
present. Testa et al. (40) and Croog et al. (41) have shown that 
when used as an antihypertensive agent, captopril can have 
beneficial effects on health status. An explanation for the 
discrepancy is that utilities, which assess how subjects value 
their state of health, do not necessarily correlate with actual 
health status (18,19,42-49). 
An alternative xplanation is that the sample size for the 
utility assessment in the present s udy was small. In the full 
SAVE trial, captopril therapy was associated with a lower 
incidence of congestive heart failure (6). In another study of 
survivors of myocardial infarction, utilities of patients with 
congestive heart failure were approximately four percentage 
points lower than those for patients without congestive heart 
failure (Cleary PD, Guadagnoli E, personal communication, 
April, 1993). Thus, if utilities of patients taking captopril were 
actually the same as or higher than those of patients not taking 
captopril, then captopril therapy would be even more cost- 
effective. 
Study limitations. There are several caveats to this analy- 
sis. l) Eisenberg et al. (25) caution against applying costs 
obtained from a randomized, controlled trial to nontrial pa- 
tients: Trial patients may be treated and tested more aggres- 
sively (resulting in either greater or lesser costs in the long 
run); trial patients are carefully selected and may not be 
representative of ordinary patients; and trial patients have 
better compliance. Yet, sensitivity analyses showed that the 
outcome was not substantially altered even with large changes 
in baseline cost estimates. 2) Results from the present analyses 
should not be extrapolated topatients outside the age range of 
the present analyses. 3) Our analysis takes a societal rather 
than an individual patient's perspective. Therapeutic decisions 
for patients should consider the patient's own risks, benefits 
and preferences (50). 
Conclusions. Despite the previous limitations, angiotensin- 
converting enzyme inhibitor therapy with captopril is not only 
effective for survivors of myocardial infarction with a low 
ejection fraction, but also relatively cost-effective. Except when 
contraindicated, it should be added to the growing list of 
medical therapies for such patients. 
We thank Kathleen F. Connors, BSN and Carole C. Chapin, BSN for conducting 
the utility, assessments; E. John Orav, PhD for statistical assistance; and 
Milton C. Weinstein, PhD for helping to design this study. 
JACC Vol. 26, No. 4 TSEVAT ET AL. 919 
October 1995:914-9 COST-EFFECTIVENESS OF CAPTOPRIL 
References 
1. Lau J, Antman EM, Jimenez-Silva J, Kupelnick B, Mosteller F, Chalmers 
TC. Cumulative meta-analysis of therapeutic trials for myocardial infarction. 
N Engl J Med 1992;327:248-54. 
2. Yusuf S, Wittes J, Friedman L. Overview of results of randomized clinical 
trials in heart disease: I. treatments following myocardial infarction. JAMA 
1988;260:2088 -93. 
3. Deedwania PC, Carbajal EV. Secondary prevention after myocardial infarc- 
tion: too many choices, which ones work? [editorial]. Arch Intern Med 
1993,153:285-8. 
4. Goldman L. Cost-effectiveness perspectives in coronary heart disease. Am 
Heart J 1990;119:733-40. 
5. Weinstein MC, Stason WB. Cost-effectiveness of interventions to prevent or 
treat coronary heart disease. Annu Rev Public Health 1985;6:41-63. 
6. Pfeffer MA, Braunwald E, Moy6 LA, et al. Effect of captopril on mortality 
and morbidity in patients with left ventricular dysfunction after myocardial 
infarction: results of the Survival and Ventricular Enlargement trial. N Engl 
J Med 1992;327:669-77. 
7. Sonnenberg FA, Beck JR. Markov models in medical decision making: a 
practical guide. Med Decis Making 1993;13:322-38. 
8. Beck JR, Pauker SG. The Markov proccss in medical prognosis. Med Dccis 
Making 1983;3:419-58. 
9. Eckman MH, Beshansky JR, Durand-Zalesky 1. Levine HJ, Paukcr SG. 
Anticoagulation for noncardiac procedures in patients with prosthetic heart 
valves: does low risk mean high cost? JAMA 1990;263:1513-21. 
10. Eckman MH, Greenfield S, Mackey WC, ct al. Foot infections in diabetic 
patients: decision and cost-effectiveness analyses. JAMA 1995;273:712-20. 
11. Hillner BE, Smith T J, Desch CE. Efficacy and cost-effectiveness of autolo- 
gous bone marrow transplantation in metastatic breast cancer: estimates 
using decision analysis while awaiting clinical trial results. JAMA 1992;267: 
2055-61. 
12. Birkmeyer JD, Marrin CA, O'Connor GT. Should patients with Bjork-Shitcy 
valves undergo prophylactic replacement? Lancet 1992;340:520-3. 
13. Tsevat J, Eckman MH, McNutt RA, Pauker SG. Warfarin for dilated 
cardiomyopathy: a bloody tough pill to swallow? Med Decis Making 
1989;9:162-9. 
14. Wong JB, Sonnenberg FA, Salem DB, Pauker SG. Myocardial revascular- 
ization for chronic stable angina: analysis of the role of percutaneous 
transluminal coronary angioplasty based on data available in 1989. Ann 
Intern Med 1990;113:852-71. 
15. Sonnenberg FA, Wong JB. Commentary: fine-tuning life-expectancy calcu- 
lations using Markov processes. Med Decis Making 1993;13:170-2. 
16. Weinstein MC, Coxson PG, Williams LW, Pass TM, Stason WB, Goldman L. 
Forecasting coronary heart disea~ incidence, mortality, and cost: the 
Coronary Heart Disease Policy Model. Am J Public Health 1987;77:1417-26. 
17. Torrance GW. Measurement of heahh state utilities for economic appraisal: 
a review. J Health Econ 1986:5:1-30. 
18. Tsevat J, Goldman L, Lamas GA, et al. Functional status versus utilities in 
survivors of myocardial infarction. Med Care 1991 ;29:1153-9. 
19. Tsevat J, Goldman L, Soukup JR. et al. Stability of time-tradeoff utilities in 
survivors of myocardial infarction. Med Decis Making 1993;13:161-5. 
20. Finkler SA. The distinction between cost and charges. Ann Intern Mcd 
1982;96:102-9. 
21. Red Book Drug Topics. Oradell (N J): Medical Economics Company, 1991. 
22. Tsevat J, Durand-ZaleskJ I, Pauker SG. Cost-effectiveness of antibiotic 
prophylaxis for dental procedures in patients with artificial joints. Am J 
Public Health 1989;79:739-43. 
23. Kinosian BP, Eisenberg JM. Cutting into cholesterol: cost-effective alterna- 
tives for treating hypercholesterolemia, JAMA 1988;259:2249-54. 
24. Schulman KA, Kinosian BP, Jacobson TA, et al. Reducing high blood 
cholesterol level with drugs: cost-effectiveness of pharmacological manage- 
ment. JAMA 1990;264:3025-33. 
25. Eisenberg JM, Glick HA, Koffer H. Pharmacoeconomics: economic evalu- 
ation of pharmaceuticals. In: Strom BL, editor. Pharmacoepidemiology. New 
York: Churchill Livingstone, 1989:325-50. 
26. Gruppo Italiano per 1o Studio della Soprawivenza nell'infarto Miocardico. 
GISSI-3: effects of lisinopril and transdermal g yceryl trinitrate singly and 
together on 6-week mortality and ventricular function after acute myocardial 
infarction. Lancet 1994;343:1115-22. 
27. The Acute Infarction Ramipril Efficacy (AIRE) Study Investigators. Effect 
of ramipril on mortality and morbidity of survivors of acute myocardial 
infarction with clinical evidence of heart failure. Lancet 1993;342:821-8. 
28. Goldman L, Weinstein MC, Goldman PA, Williams LW. Cost-effectiveness 
of HMG-CoA reductase inhibition for primary and secondary prevention of 
coronary heart disease. JAMA 1991;265:1145-51. 
29. Krumholz HM, Cohen B J, Tsevat J, Pasternak RC, Weinstein MC. Cost- 
effectiveness of a smoking cessation program after myocardial infarction. 
J Am Coil Cardiol 1993;22:1697-702. 
30. Hugenholtz PG. On JUMBO and "Junkie" trials: a fumbled affair, a jungle, 
or the ultimate solution? [editorial]. lnt J Cardiol 1991;33:1-4. 
31. Goldman L, Sia STB, Cook EF, Rutherford JD, Weinstein MC. Costs and 
effectiveness of routine therapy with long-term beta-adrenergic antagonists 
after acute myocardial infarction. N Engl J Med 1988;319:152-7. 
32. Oldridge N, Furlong W, Feeny D, et al. Economic evaluation of cardiac 
rehabilitation soon after acute myocardial infarction. Am J Cardiol 1993;72: 
154-61. 
33. Weinstein MC, Stason WB. Cost-effectiveness of coronary artery bypass 
surgery. Circulation 1982;66:Suppl 11I:1II-56-66. 
34. Krumholz HM, Pasternak RC, Weinstein MC, et al. Cost effectiveness of
thrombolytic therapy with streptokinase in elderly patients with suspected 
acute myocardial infarction. N Engl J Med 1992;327:7-13. 
35. Mark DB, Hlatky MA, Califf RM, et al. Cost-effectiveness of thrombolytic 
therapy with tissue plasminogen activator s compared with streptokinase for 
acute myocardial infarction. N Engl J Med 1995;332:1418-24. 
36. Fineberg HV, Scadden D, Goldman L. Care of patients with a low 
probability of acute myocardial infarction: cost-effectiveness of alternatives 
to coronary-care-unit admission. N Engl J Med 1984;310:1301-7. 
37. Paul SD, Kuntz KM, Eagle KA, Weinstein MC. Costs and effectiveness of
angiotensin converting enzyme inhibition in patients with congestive heart 
failure. Arch Intern Med 1994;154:1143-9. 
38. Detsky AS. Guidelines for economic analysis of pharmaceutical products: a 
draft document for Ontario and Canada. Pharmacoeconomics 1993;3:354-61. 
39. Laupacis A, Feeny D, Detsky AS, Tugwell PX. How attractive does a new 
technology have to be to warrant adoption and utilization? Tentative 
guidelines for using clinical and economic evaluations. Can Med Assoc J 
1992;146:473-81. 
40. Testa MA, Anderson RB, Nackley JF, Hollenberg NK, and the Quality-of- 
Life Hypertension Study Group. Quality of life and antihypertensive th rapy 
in men: a comparison of captopril with enalapril. N Engl J Med 1993;328: 
907-13. 
41. Croog SH, Levine S, Testa MA, et al. The effects of antihypertensive th rapy 
on the quality of life. N Engl J Med 1986;314:1657-64. 
42. Revicki DA. Relationship between health utility and psychometric health 
status measures. Med Care 1992;30:MS274-82. 
43. Llewellyn-Thomas HA, Sutherland HJ, Tritchler DL, et al. Benign and 
malignant breast disease: the relationship between women's health status 
and health values. Med Decis Making 1991;11:180-8. 
44. Hornberger JC, Redelmeier DA, Petersen J. Variability among methods to 
assess patients' well-being and consequent effects on a cost-effectiveness 
analysis. J Clin Epidemiol 1992;45:505-12. 
45. Churchill DN, Torrance GW, Taylor DW, et al. Measurement of quality of 
life in end-stage r nal disease: the time trade-off approach. Clin Invest Med 
1987;10~4-20. 
46. Canadian Erythropoietin Study Group. Association between recombinant 
human erythropoietin and quality of life and exercise capacity of patients 
receiving haemodialysis. BMJ 1990;300:573-8. 
47. Tsevat J, Solzan JG, Kuntz KM, et al. Health values of HIV-infected 
patients: relationship to mental health and physical functioning. Med Care. 
In press. 
48. Tsevat J, Cook EF, Green ML, et al. Health values of the seriously ill. Ann 
Intern Med 1995;122:514-20. 
49. Revicki DA, Kaplan RM. Relationship between psychometric and utility- 
based approaches tothe measurement of health-related quality of life. Qual 
Life Res 1993;2:477-87. 
50. Tsevat J, Weeks JC, Guadagnoli E, et al. Using health-related quality-of-life 
information: clinical encounters, clinical trials, and health policy. J Gen 
Intern Med 1994;9:576-82. 
